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•r * c: t t -t 2 tea© u— tf sswg 

B. 

mmtHz&zm$tx-*)i>¥-8g.<D 1 o~ l 0 OSJift 

mttzmmm 2 75s 4 ^-rn^iceero u— «f !§#tg 

B. 

imx® 6 ] u-if )t^¥©#»Micfiistr-5 u — if 

30 

tSt*lS7] Wl%l\s-*fftZ-l5mz®iTj£g.\sU 
*te*#«:»Mlc8SS*rs Z t &#&<hT4ffl*#JS 6 \Z 
82«W>U-1fI»St#i£. 

m. 

tttrtk. 

ta*«io] ffi&ttttK«fc*!s*fx*n^-gga< 
m.temmz*.z>®#^*)\,*-&Bz.o> 1 o ~ 1 o o % t 

ftmttzmxm *fcij9 ic£e©u--»fsuH;£ft. 

u es8iwic«fcs^itsa*<. Resist 
ic «t zmmmzti lt u~ tfftojEg^Aonwice: 
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*«n**fT-5cte«»«i:r*ii*fli ncsaewi^- 

*fSS*ttfft. 

im*mi3) ffi£!St*(cJ:S!!gS*x*;M:-£g# 
iS«gllt£«fcS!Si#x*^*-seg05 1 0~ 1 0 0 %t 

[0 0 0 1] 

¥##K£ffiMTr* if SUJt&B*5.k tf Hit* 

^ *;i/S*>gfiEr5 u— m*mat$j:vi>~ man 
mzmtz. 

[0 0 0 2] 

*#ISSi> 'J 3 V ^;Htt5lK h 7 >->* 

K©fP®*ft«tL-T(i. /Ptxiagfiigfl:. x^-y 

[0 0 0 3] CWU— tf7x-;|,ftlc*V»T. ^Sfi 
^-iCf-SClt^Sg^lKD-^t^^TU*. Z\(D 

[0004] ^<t^«. ^rjt^wex^^-oBitt 

*fT^. 1*105 2 Xf7 ^ • 7Z-^ftt,l;tfn5S 
[0 0 0 5] L^L. cnGOMTtt. flUtf^H£2 

mmizw? z>&r*w& < t±z> t i^w*ot. s 

&o U— if £ SET -5 *» v-*f ftn x^;^- 
^^dlcTtf^x^^^-^ttglfSSSB-r^^S^t 

[0 0 0 6] &m¥6 -6 1 1 7 2 ^iiffilCli. C©J: 
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w«$ig£0 8ic^T. 0«frou— >fT~-)immiza^ 

lift*. Lfc*bT. t*-A©»Si*ia]t^UTX^ 
;|/*-£g0&ftS££-AE 2 tfflt-AE 1 £*«F 
ff LTtt57j£n. tfeigtgfcl 2±(D7€il'7 7X-> l j3 10 
>1 3tCBiSt$n-2.Ct<!:7S;S. COgBH<ttltf. fBS 
g£8litTx*;|,¥-«)&&S U— tf3fe£-g©iIS#f£ 

[0007] ^lt®«*wi^— *f%xZ-)V*--f 

2 «gODX*;M!-<Z) I/— tf JBIWfcSn* J: 5 Icf* 

Tltt^r^. 0 9 (a) tt. RMtCfflV>fc/W;*l'— !f 
JtOX^;P^-SS^D7r-f;i'€-^-r0T*S. CO 

*X*.Mf-8g7'n7 7'OI'T&-5>fc#. £©/wx 

u-if)t€7x*v>siit-rn«> e??- (u— tfft©£ 
u-— tfmittfftStt* c <!: t te*. 

(0 0 0 8] 

^■rnfc. u— tfjtox^^^-cofjffl^^e^itt* 
m&#m\zmx$tizv>~citfi< > -t©*»a±#Ei* 

T-S. fctAtf. XeC 1 X*->VU— tf (&g3 0 8 
nm) Ttt*S5 3*. KrFI+^U-tf (Sfi2 4 
8nm) Tli*55 4^<0#*<Hft:©7 ; eJl'7 7*->U 3 
>KO^®TEItr-5. 2 7^7rX->U3> 
t«tofc»^. fcO. X 

eC 1X+V-7U— «fTtt»7 3%. KrFX*->TU 
— tfT««7 5%Og|t*t*S. ffifcttffiC&frvr 

fcltttfrofc. cotztb. U— tf7x-;K£-fr?*:««>lc 40 
*Jfc#E £U:CDX*;P*©!SW£ ff -5 
0. I/— tfftjK©fN**<S<ftO£ffl3XhaU:a<*<!: 
i^tHI*<*9fc. 3 sic. &SBl±lcKt»x*./i,* 
JH»*ffoTV»fcfc*. tf©fti£a£3fctti::±tf* 

[0 0 0 9] Ztz®m¥6- 6 1 1 7 2#i>f8K«Ott 



3H£4t»flADC36»*v»fc*. ^ronT. h*<±*<* fcv»3Pl 
SSK. lEgJt-AtfStSTSStU 

[0 0 10] jfefc. ifSSSDM9 2-l 12f(l 
9 9 2*J0 . 5 3H12»©ftfl5Ktt. AJ1/XU— tfJtO 

x^^^-sgyo 7 7 < ftttmmzqm®*^? z> - 
ft. :ort*xi/- tfft£7*r>!8WLfci§£<7>ISl, 

&g©gft£0 9 (b) ~ (d) ICtpT. ST, 7^^ 
7 7^^M3>»^IC09 (a) IC*-ryD7 7'f-'l'£ 
*rf*A»7t'~ tfft£BBSfrS£. 09 (b) K^r 

tf y f 1 x £it£mftnctMi tt/vw i/— tf# s s*ft 
rzt. m&tk&MfHtm* (c) (c^-r«t^ics!ft:-r 

S. CCT. 0 9 (b) lc43f7Se-AS8ifi8©«irc 
!IS«*7ef?r£&fct. 09 (d) lC*-rfSS&&#*»£ 

■fs. caSUfcfi. u--tfSSSt»;:<ts?SBi©JgSittSg 
fc*. fcC. WB*tUT7 ; &A'777s->'J3>»KS- 

jiiv»fc»*«\ ftsgit«s« (*sa««> t*8s«ia« 

(7*;U7 7 7>ffi*S) tro#ffiT. I8£&iSBMKiS<Z>g 

[ooiij tt±^fer-m«tc<t>A. ±iBS£*tt'# 

[0 0 12] ±a<0^«lfi*. WTOSiaS: 

[0 0 13] fi-OSgtt. U— «f3tOX***-©« 

Iffl37 h«-Tlf. S^C7x-^2lSSS*|pl±$1i- 

[0 0 14] !gre>gsa«:. )t^«:»7';P^«i§t 
U. gOtO'hS<b£0 0^X^-7. {b$r0-2>CtT« 
■5. 

[0015] *Ksa®oKSofSi±. 

SSft. *^SS^«)E5 , ltt!gWR^fl:^S-0*C<t:-r 
[0 0 16] 

[ss«r«*-r5fe*!)o*a] *K«ic<tn«. u— tf 

— tfJe^5Ei1-4U— tfJt%4^©t. SI/- IfJtS:* 
«*Elc«L.T^O*fSl*^B«SSW-r5«t-3lcHBS* 
ftS«rSa6-r?.)t^*«!:. SttSWLtU— {fit**** 
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fcKTKWL U Btf¥»*Bfc»v»TBtt 
MZtit L ** St *• Afc CI £: <!: r * U- 
1fK»BB#tt«Sn*. 
[0 0 17] £fc*%9?tcJ:nf;f. »f3K*»MMMI 

i/Ti/-i«t*««©#B*>&HitT*B«B»i. a 

&B* L £ U — If Jt****#ilTE» Ufc* L PI 

[0 0 18] *58WC*st>Ttt, *8#Rl:»l/TI/- 10 
tf3t£&6©#i^£fc&B*t-f-5££*>i~ EWLfc 

LT*5£9Hi. B»BB©B»***BA#«l*6rS 
L. ¥W#BK:ttU fct^a7 0~8 7KOft«*»6 

ttT^fc*^fcKtt)fc©*r$?iJffl#0€>n. u— tfft© 20 

[0 0 19] *»Wfc4»v>Ttt. ¥»#BTEttLfcft 
©£#Sl::aT*&#£nfcft©ftB©S!lS«r*ftg£ 

bbt*. «wicj:ntf. &**§*©*#« sbbt 

* £ £ fc J: 0 BBBttOX* £« A CBB? € « 

2 as© tf3tsRi»-rs c 

«, DCfcofcOttSIM»a«ft< &*#© 

BB#»-afc*i. *Bwic:j:ntf;:ft5©nB*<»*3 30 

[0 0 2 0] *KWC*JW*«3fc^atlxT»i. cass 
^-ISPOlBg^fllififlDfeO^fflV^Jlt^T*. ®B& 
fi©BBSfc«k9*ftK£«8KSBT£S. fc£*tf 
#B¥6-6 1 1 7 2^&«EB©fitffftt. »J£-A© 
X*;P*-«S £ 7 4 )V9 £8® 3 C £ IC «fc ? TW 

■f-&£v»-3HBrt<a?fc. 

ox***-8K£BBbT<r>*fc». 

icau *«WT»tiaBS5-«ojBjjtt«iao*ji£* 
K«fco. BBfcBfrTBjfcBtBBHCBASiittfT 

BttBB©XJM^-«B*«JHcBBTt*. $ 
Sic. rafeBtt©x*;i>¥-gg^B«B«£l2:Bffll:: 
SBST*££*<T#-5©T. KBBtmCBCfcfrBft 

[0 0 2 1] 3 6.IC. BBBIti;:J:«BBB££n&& 

aticj:-&!itt««£a>ttBH<R€axcHarrna. * so 
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WflcK<0(S]-B3f CX*jP^-ffi«(0R&5 2 m&O V 

-it. **v»tt. *»Btt*©*tt8fli*£ttatt*© 
B«ttB«>Rfffl:£^-afc*tt*ail«)im«)filJ:fcB 

0*TO«*B^*J:fcCJ:0BB!ilM3J:tfB«i 
»oBJ*«*©*a:BH»«:afi«c«B-r * c £ we * 

©T. -£©P— •fBBBBT*lttfcU— *f7x-JU 
flynefTSCliafiTBitta. 
[0 0 2 2] 

[£B©£B©BB] l/-~if3fc£ 11. K 

rF, XeC I B©x*5"TU— «f©B, A>M-V— If 
ffli5attO/tJ^l/- If. 7JU^>U— tf©«fc-5frC 
W (Continuous Wave) U— «f**t». U— tf&WX* 

£*sg¥«ftSB€«fi£i/#*fi«©* 

#S£T*. 

[0 0 2 3] *58W©¥»#»B£te. 7t;^7X'> 
tl. 

[0024] *««ic*3ViTtt. u— vytmmwmz 

S»#B»;:iSv>TlS»Blff-S. Bffi!Stti:tt*iJ|#Kl:: 
BftlcBlff * £ ££v»v». B&BStitt^iSttBlcE 
WLfcJt*BJt^S«lc«tOSB*B*K(c»#. Bit 
f*;:££tA5. B*B»tt**«:BlC«UT^«>©^ 
mw»6BBSft*i&t. -*©BStaSte. ¥3M*K$£tf 
¥®fc:*JLT. #$L<li6 0~8 7g. S 5 K*f 31 L 
<tt7 0~8 5«£TS. ft££*S< Lf £££Bft 
B84>©l|M£®«£/i0©x*^*-8K#<STU £ 

Lf€a£. tt»BI*©feft©5t^*«!:. M 
[0 0 2 5] W«B»»i. «5t*BI?^«fc0**^BT 

#e©BJtK»i. 5 

S9-©B*«B»cJ:0BBr«C£*tr*«. 
G3B5 9-CBBB«Bfc«na. ^©SSS©WBtc 
±0BWbIB£^5. 

[0 0 2 6] *»BIC*$1»T. tf5t«~*(6j«Ci9o 

— !f*©BftBBS«**R-C*-aT<»J:v>L. fifflg 

B»B±©m-S3rll«U. x*^-g«©S&5B 
ttBB£BBBB© 2 g©BW£f7 5 C t *»?TBt«C 
0. »BJItt?©tfc&©«!HI:. MUfOWB 

ft. ^ea^©eyit«!i©»j? : {b^©BS©iS)±s-a 
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[0 0 2 7] *5SW;:fctr>T. fltteUttlc .fc-SfilitS* 
[0 0 2 8] KttlHltK:J:«!IfttMJCe. MftHlteJ: 

&&&£rrs**sa.sii*<?#£ft*. en 

[0 0 2 9] ftMitteJ:«aiMWt«. RHftHtfCJ: 
<6x*;i,*-<D|BJ&JI#atf7*>ft 

[0 0 3 0] *^W«C*5^T. HlgSBIttJ:-5fiattX#. 

;i/*-£&;mi£!lltfc:£*!Ittx*;t^-£g©i 0 
~i oosstfcaj^ic. £ftfM£©mft&a<39B;*ft 
5:i*}ftUV>. rncj:ou-if7tx^j^-©fij 

1©^- ft. a^wsis^^^ctA^Tt 
*f*u». -fftfcs. ras^stict^Baitx^^-s 

£tt. ®&!S3tK«fc*iH&X*;M : -g«© 2 5-8 0 40 
XtTSCtJWftK. 3 0-5 O^tT-SCtd^ 
e.«C»SL<. 3 5-4 2 %<ff ■&d£#gt>fl t 3;L 

u. cw«t9iw-rn«^ffi]!n»<Dfe«)»c®Lfcx^^ 

fT2tt-5©l;:SL£x*.;i<*-<hfr-3T. «fcO-B. £ 
[0 03 1] 

[iiiiw] (siigwi) tnmmxmmu— mum 
aoaKs^aiicjsr. so 
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[0 0 3 2] fcJ8U5S1£4lJ. J6SS&4 b±<C7*JP 

*IIJ60JT*tt. £JMttt4 b&LTB*«ftambKO 
A-2Sfi (^7XS1£) fcfflUfc. 4 b 

<£KJ?1 OOnmtUTltgtfc^. Si,H,£flH>ia 
2CVDjtT7 ; E^77X ^V3>K4 a«7 5 nmJft 

i,H,SS150sccm. E*8Pa. S«S£4 5 
0"C£:U ««KJHtt7 O^ffltLfc. 
[0 0 3 3] «©as«4»i. jWW-8±CEBS 
ft. £ ©*;^- 8 9leJ;?Tx-y;fr 

[0 0 3 4] *HffiWTli. I*->7U- 9=1 tLTK 
r F X* ->T If Hfc. H© l/-1f ft IJifcg 2 4 
8 nm©/1.iUX}tTc&0. /1>M.(B 3 0 X** 
^-SS4 0 0mJ/cm'T*5. SlSfiffitt 3 0 0 

[0 0 3 5] X*->"7U— *f lfrt><kCtZV-*fmt> 
**5>*-f1f2*a-3fc«. S7-3«Cfc0fti&«:g 
A. 7^77Xv' , Jn>'&4 aKlttSft*. COBB 
Stfttt. S7-3(Cfc0. 7tJl'77^-> l J3>B4a 
£Stf¥ffi£*fLT 8 0S<DftSt/«t5J:?lC3tBSSiSE 

ftT&lCgfc$ft. SOlJKIfr*. *HJg0yTliKr 
Fl+y?l/- tf©&S2 4 8 

K4 a^mxoKumt? sxm&xh-yft. 

[0 0 3 6] £©g3tft£. **»WTWI3S5S5-1 
0lCiO«Jt-r*. D3ES5-1 OICEttL/tftfipftf 

*&itm$tM\zmm-t c osist;*ftsig** 

£H«81»<H«7ifrr. EIffiS5-l 0lC<fc*£S*3fc 

©m^sa. »2ig*«4*^n3ffla7-i ozx-om 
m£sam-fz>z.t\z£K>m9fX'Zz. *m&mx\t&tii 

aSfi4^€,taS5 7-l 0£T©ffil«i£2 0 cmt 

3L*)\r*-mmm\t. «7 is«T*-pfc. KS*3t 

«T*iJfflL^UtE*©^ttTHX^;m:-ifi]ffl^H4 6 % 
ttt*. 

[0037] ^nn&mzn^x. Bftggitsua6cDx^ 

^-SSE.IJ. 400mJ/cm'iST*5. - 
KeBHt««7 0I*;^-ggSE,fi. 2 0 0m 

j/em'imo. as»tt®«6©x^;^-g 

SE,©*55 0SSt7<CoTt»-5. 

[0 0 3 8] WT. C(DSS«:fflH/i:U-1fBB|t»ffiCD 
WICOUT0 2. 3*#SLTSJWr5. @2ti*HiS 
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fiSS-L. -&©*£8M*©ffiM*£LTSLTV> 
[0 0 3 9] ^JSfllTli. g&fc-^falC^fijT*;! 

4 a©f3-te.£IC*}U P B mBgW*J«fctXiSftP.lt!!i^© 
*t|M?K&?T<r»5. f 2 0©8BStffi«©<I 

2 EB<DSlStlcfctt*iEI£!I#gi** 6 ££fcS J: -5 fcfc 
,TW. d©J;5fcrt*C£K:J:-3T. *SWtc¥-« 

©ffi#a<fTfcn*ci:<fc&?K L^fc SBIt:/ 0-1:7.024 
fft&05Ct*<t§5. fc*5. 2^>©(Iit®J£©*I*< 

3FL<fcn«-&ti, £SEtry^£*IK£©*Ii;:£fc-fr5 20 

[0 0 4 0] 7*^7 77^ "J 3 >^4 a©^Ett. * 

«c©*Msn5. £ea->'jn>©swMSK 

U LA^±aro^RB^«-ra. £U:©2 

[0 0 4 1] *Hi6WlC43ViTli. B-«jfilC*HTO 
rfl«KlttitttP»t©^raraiiA { 4 5 UtJ>£:&S«fc5 

©<§£. ±S(DiolciSS-r4^<!:lc<l;»). ffi8!ISt£ 

[0 0 4 2] ^JSWW^K.fcO^MLfc^tsS*® 

k mo. 2 nm&m<Di5-tt£m§,*m#&tfmf$. 

ZtlTUZZtfiW&Ztlfz. ifz. 3tB¥fittt>, Vt 

[0 0 4 3] mmw2) m^mmz^m^m^tm 
ttBltc «fc*fB ©&BM{fc£B 4 © «fc -5 ic L. 
j£2E fcT v f- £ £M L fc £ <!: BWIJSI&fll 1 t F\m IC L T 
U— tfBBW*ff-5t. *^«B«»IT(i. Sfifc^fcO. 
1 mmi Lfc. SO 
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[0 0 4 4] @4lCfc^T. rp1»fii»JB«7©e, il& 

B8MiB«6©<s a>-rnt>u~ tf^g^offi^m 
T) . fcjztfcn^osftcDffiBit^-rnfco . imm 

iL, B&<S=L< LTH*. ll)l©£»lCii 
tt5fi!]£!Itt®# 7 A<. 2 ®g OJR»t*HTttlBtt«| 

-&U $^»lc3lHlS©BiltlCfc^Te^»^*S6 t 

TV>*©T. C©KBT8IT>'JiJ tt. 
&{fcT*fc#©l$K*&#-rsc<»:a<T#*>. dtltcJ; 

[004 5] *Hig«»J(0*telc«J: 0 fPS? Lit£la£¥3S 

[0046] (3USfi»J3) **16«Tfflt»*U— tffiSS* 
8®©«i&0£B 5 COKSIi^iSW 1 tR« 

©8fig£*rLT£0. jtgSalt«S«6tr B 1S!i»^7 
©&B«fli©*#&ft^T^*. ftjasSS4 0fPH* 

[0 0 4 7] EAT. C©8gSfflUtU- tf!BSt;&J£© 

fcs!>©0T-£5. B«K l|siefe«fc^2@S©ffiltlC<fc 
J flE&fi{ii\tW.PKDjifiHZ1£Zfirz ; 7-1 >tt©«#£#L 

[0 0 4 8] *^MTIi. Sfi«:-^lC»Bl-r-5C 
IC. S«i©iiff^|6]lC«LT(a«liSt®«7ttiE«HB» 

4 a©B-lft^t«L. B«Miti3«t:l/Ba^fi8lt*tc:© 
ffiTfTt>tl-5C<l:t&5. 2 0©B5ltfil«li. !8ttE8[ 

IC. ^SEey^*cn6»©®«©(@i:^U<bTt^fc 

a. i®Bff)%imzmz®8m&&7 *>.t5t* 

2 (HlB©SgWlCfelt4fi»HSSt®a 6 tmtiz «fc ^ tea 
C©J;-?lcr-5C<tlC<kt>T, HSWIC^S 
frS±©T^T©®aic»LTa«ffiS+teJ;t;raffi8iit 
©^*<fft>n*ctt^o. L^t,s»7'D-irx©24 

¥lt^0-5Cl<!:^Tt'5. <t*i. 2 0©BgttSi«©ia* < 
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II 

t>tlZ>Z.k.£t£Z>. 
(0 0 4 9] 7*;P7 7XviJn>K4 aCD^S«. $ 

(«SBKS) T**BC:|BHSM»*«Sti4. ^n^iO 
[0 0 5 0] **J6W©^ffilC«tOfPSL^^iKa*S 

ofc. C3®5 7-IC«k*«Jt€:fft)/j:^Se3)5©^ 

4 0 0t:<tL/c«-&fi. &S2. 5/im8g«S:&'3&«. 

[0051] *-&temx'\t. ®7<D&?\zw.m$kKmm 

^\miS.*)^t>ti\,^o\Zti-z,X^. Z.Z.X-, 010 20 
[0 0 5 2] 

*>iz. s.tti,fc%.£mxLmfi¥m&mzm^Tm*it 

V— tfft<£X*;l/*-<&iWJ8&¥£&*-5;r.i: 
fflnXhSrTtf. $^t7^-;H&S^K*|£]±*ti--5 30 
[0 0 5 3] tfRiWSett. RfcSXJM- 

u/to. x***-&ifeiS££Kta-r s 

[0 0 5 4] *5!WtCi3tr»T. SSSSStlCJ:* 
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[0®rofB$ifrft9i] 

[01] *£fi£ffSU-1fHit&S®ttllBT*&. 
[02] tfaglt^ftSrSiW-r-5/i«i)ro 

[03] !flHl*38rtt«:R*r*fc*0 
0T&5. 

[04] *JffllCft6W-DW«MSei!*t4fc*«) 
0T£>£. 

[05] *JM)C*«|/- tfRUtSBOtM&HT**. 
[06] **W£ff*U-1fHlt#tt*KWT%fc»<B 
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moreover to improve a film quality of a polycrystalline structure while downsizing a 
laser irradiation apparatus, when forming a polycrystalline semiconductor film by laser 
annealing. 

[Means for Solution] An amorphous silicon film 4a is directly irradiated with a 
5 laser beam from a oblique direction and is indirectly irradiated with a reflected beam 
condensed by a concave mirror 10. A direct irradiated region 6 is located anterior to or 
posterior to an indirect irradiated region 7. 
[Scope of Claims] 
[Claim 1] 

10 A laser irradiation apparatus for irradiating a semiconductor thin film with a 

laser beam, characterized by comprising: 

a laser beam generating means for generating a laser beam; 
an optical system for adjusting an irradiating angle so that the semiconductor 
film is directly irradiated with the laser beam from a oblique direction; and 
15 a beam-condensing means for condensing the directly irradiated laser beam 

which is reflected on the semiconductor film and leading to the semiconductor film 
again to be indirectly irradiated. 
[Claim 2] 

A laser irradiation apparatus according to claim 1 characterized by further 
20 comprising a laser beam scanning means for scanning the laser beam along one 
direction. 
[Claim 3] 

A laser irradiation apparatus according to claim 2, characterized in that an 
irradiated region by direct irradiation is located posterior to an irradiated region by 
25 indirect irradiation with respect to a laser beam scanning direction. 
[Claim 4] 

A laser irradiation apparatus according to claim 2, characterized in that an 
irradiated region by direct irradiation is located anterior to an irradiated region by 
indirect irradiation with respect to a laser beam scanning direction. 
30 [Claim 5] 
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A laser irradiation apparatus according to any one of claims 2 to 4, 
characterized in that a beam-condensing power of the beam-condensing means is 
adjusted so that an irradiation energy density by an indirect irradiation is 10 to 100 % of 
an irradiation energy density by a direct irradiation. 
5 [Claim 6] 

A laser irradiation method for irradiating a semiconductor film with a laser 
beam, characterized by performing direct irradiation in which the semiconductor film is 
irradiated with the laser beam from a oblique direction and indirect irradiation in which 
the semiconductor film is irradiated by condensing the directly irradiated laser beam 
10 which is reflected on the semiconductor film and leading to the semiconductor film 
again to be indirectly irradiated. 
[Claim 7] 

A laser irradiation method according to claim 6, characterized in that a 
semiconductor film is irradiated while scanning the laser beam along one direction. 
15 [Claim 8] 

A laser irradiation method according to claim 7, characterized in that an 
irradiated region by direct irradiation is located posterior to an irradiated region by 
indirect irradiation with respect to a laser beam scanning direction. 
[Claim 9] 

20 A laser irradiation method according to claim 8, characterized in that one point 

of the semiconductor film is melted by the indirect irradiation, solidified by cooling, and 
then irradiated directly. 
[Claim 10] 

A laser irradiation method according to claim 8 or 9, characterized in that a 
25 beam-condensing power of the beam-condensing means is adjusted so that an 
irradiation energy density by an indirect irradiation is 10 to 100 % of an irradiation 
energy density by a direct irradiation. 
[Claim 11] 

A laser irradiation method according to claim 6, characterized in that an 
30 irradiated region by direct irradiation is located anterior to an irradiated region by 
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indirect irradiation to a laser beam scanning direction. 
[Claim 12] 

A laser irradiation method according to claim 11, characterized in that one 
point of the semiconductor film is preferably melted by the direct irradiation and then is 
5 irradiated indirectly while keeping the molten state. 
[Claim 13] 

A laser irradiation method according to claim 11 or 12, characterized in that a 
beam-condensing power of the beam-condensing means is adjusted so that an 
irradiation energy density by an indirect irradiation is 10 to 100 % of an irradiation 
10 energy density by a direct irradiation. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The present invention relates to a laser irradiation 
apparatus and a laser irradiation method in which a non-single crystal semiconductor 
15 thin film is irradiated with a laser beam to form a polycrystalline semiconductor film by 
laser annealing, and particularly to a laser irradiation apparatus and a laser irradiation 
method for forming a channel layer of a polycrystalline silicon thin film transistor used 
for such as a liquid crystal display and a contact image sensor. 
[0002] 

20 [Related Art] Recently, a thin film transistor in which a polycrystalline silicon thin 
film formed over a glass substrate is to be a channel layer has been actively developed 
with aiming at an application to such as a liquid crystal display device and a contact 
image sensor. As a method for manufacturing the polycrystalline silicon thin film, a 
laser annealing method in which a silicon thin film formed as a precursor first is 

25 irradiated with an ultraviolet laser beam to be melted and then is crystallized to form a 
polycrystalline structure has become a mainstream from viewpoints of lowering process 
temperature, improving throughput, and the like. 
[0003] 

In this laser annealing method, it is one of important problems to form the 
30 polycrystalline structure uniformly, that is, to uniform a grain size of polycrystalline 
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grains. It is effective to perform two kinds of energy irradiations having different 
energy values as a technique for this, and various laser annealing methods have 
heretofore been proposed. 
[0004] 

5 For example, there is a method in which irradiation with comparatively low 

energy is performed first, and then as a following step, irradiation with higher energy 
than this is performed. In addition, there is a so-called two-step annealing method in 
which, using two pulsed lasers which emit laser beams with the same wavelength, 
irradiation is performed with a laser of comparatively low energy first, and then 

10 irradiation is performed to the same point with a laser of high energy than this. 
[0005] 

However, these methods are poor in operation efficiency because of a necessity 
to perform the irradiation operation two times. Therefore, there is a problem of 
requiring a long time for laser treatment. In addition, it is necessary to provide two 
15 lasers, or an energy converter which reduces energy of a laser beam to desired energy or 
the like in order to perform laser irradiations with two kinds of energy. Therefore, 
there is a problem of requiring a large installation site because of a large-scale 
irradiation apparatus. 
[0006] 

20 A laser annealing apparatus to solve such problems is disclosed in Japanese 

Patent Application Laid-Open No. H6-61172. A structure of the laser annealing 
apparatus disclosed in the bulletin is shown in FIG. 8, A part of a laser beam emitted 
from a homogenizer 17 is divided by a beam splitter 18 in the laser annealing apparatus 
in the figure. A divided laser beam is changed in its optical path by means of a 

25 reflecting mirror 19, and furthermore adjusted the beam divergence and the like by 
means of an adjustment lens 20. Consequently, a side beam El with a desired energy 
density is formed by means of a filter 21. Therefore, a main beam E2 and the side 
beam El with a different energy density to a moving direction of the beam are emitted 
parallel to be irradiated to an amorphous silicon 13 over an insulating substrate 12. 

30 According to this apparatus, it is assumed that laser beams with different energies can 
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be irradiated in one irradiation operation at a simple structure. 
[0007] 

On the other hand, a technique for irradiating a same point with lasers of two 
kinds of energies by making a laser beam energy profile in an irradiated region a 
5 particular shape. This method is described referring to FIG 9. FIG 9(a) shows an 
energy density profile of a pulsed laser beam used for irradiation. This figure shows 
an energy distribution of a short side direction (a vertical direction to a laser scanning 
direction) in a rectangular irradiated region and has a shape of a top flat type. Since it 
is the energy density profile having tilted portions in both ends, laser irradiation is 
10 performed on the same point with two kinds of energies by appropriately adjusting a 
pitch (a scanning width of the laser beam), when a scanning irradiation is performed 
with this pulsed laser beam. 
[0008] 

[Problem to be Solved by the Invention] However, there is a problem of the low 
15 energy use efficiency of the laser beam in any of the above related arts. The beam 
irradiated to a semiconductor film is not used entirely for a phase transition and the like 
but half or more of it is reflected. For example, the beam of about 53 % in a XeCl 
excimer laser (a wavelength of 308 nm) and the beam of about 54 % in a KrF excimer 
laser (a wavelength of 248 nm) are reflected on a surface of a solid amorphous silicon 
20 film. Furthermore, when the amorphous silicon film is in a molten state, reflectance is 
still higher to become about 73 % in the XeCl excimer laser and about 75 % in the KrF 
excimer laser. This reflected beam has not been used for a laser annealing in the 
related arts. Therefore, it is necessary to perform irradiation with energy more than 
originally required for the laser annealing, thereby causing a problem of shortening the 
25 life of a laser beam source and increasing operational cost. Furthermore, it is 
impossible to increase frequency of the laser enough since irradiation with higher 
energy than required is performed, and thereby there is a certain constraint on 
improving a processing speed. 
[0009] 

30 In addition, as for a technique described in the Japanese Patent Application 



6 



2000-133593 

Laid-Open No. H6-61172, there is a problem of further decreasing the energy use 
efficiency of a laser beam because an energy density of a side beam is adjusted by 
means of transmitting the beam through a filter. Further, there is a problem of 
increasing cost because the number of optical components is large, and furthermore 
5 there is a problem that the main and side beams are reflected on a surface to damage the 
optical components such as the filter or mirror. 
[0010] 

In addition, as for a technique described in The Technical Report of the 
Institute of Electronics Information and Communication Engineers of Japan, vol. 

10 SDM92-112, 1992, p. 53, there is a problem different from the above-mentioned due to 
an energy density profile of a pulsed laser beam having tilted portions in both ends. 
FIGS. 9 (b) to (d) show changes in a crystal grain size when a scanning irradiation is 
performed with this pulsed laser beam. First, a polycrystalline region of a crystal grain 
size distribution shown in FIG 9 (b) is formed when the pulsed laser beam having the 

15 profile shown in FIG 9 (a) is irradiated to an amorphous silicon thin film. 
Subsequently, the crystal grain size distribution changes as shown in FIG 9 (c) when the 
pulsed laser beam is irradiated while moving the beam in the direction of an arrow only 
by a pitch x. Here, a local minimum value of the grain size is seen in a near-field 
region of the beam edge in FIG 9 (b). Finally, a polycrystalline silicon thin film 

20 having the crystal grain size distribution shown in FIG 9 (d) is formed except in an 
irradiation start point and an irradiation end point. That is to say, nonuniformity of the 
crystal grain size occurs due to a structural change by the beam edge. This 
phenomenon is caused because a molten state of the thin film by laser irradiation 
depends on the thin film structure before the irradiation. In particular, in case of using 

25 an amorphous silicon thin film as a precursor, the molten state remarkably changes in an 
interface between an irradiated region (a crystalline region) and a nonirradiated region 
(an amorphous region). 
[0011] 

In addition to the above described problems, any of the above related arts 
30 cannot provide a sufficient effect on forming a large grain size polycrystalline silicon 
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film with a uniform grain size distribution and a good array of grains, and therefore 

further improvement is required in this regard. 

[0012] 

In view of the foregoing, it is an object of the present invention is to solve the 
5 following problems. 
[0013] 

A first problem is to increase the energy use efficiency of a laser beam, thereby 
to improve the life of a laser beam source to decrease operational cost, and moreover to 
improve anneal processing speed. 
10 [0014] 

A second problem is to make an optical system a simple structure and downsize 
an apparatus to save space. 
[0015] 

A third problem is to improve a film quality of a poly crystalline structure, that 
15 is, to uniform a grain size of polycrystalline grains, make the polycrystalline grains 
large grains , make arrangement of the polycrystalline grains well-ordered, and the like. 
[0016] 

[Means for Solving the Problem] According to the present invention, a laser irradiation 
apparatus for irradiating a semiconductor thin film with a laser beam is provided which 

20 is characterized by comprising a laser beam generating means for generating a laser 
beam, an optical system for adjusting an irradiating angle so that the semiconductor film 
is directly irradiated with the laser beam from a oblique direction, and a 
beam-condensing means for condensing the directly irradiated laser beam which is 
reflected on the semiconductor film and leading to the semiconductor film again to be 

25 indirectly irradiated. 
[0017] 

According to the present invention, a laser irradiation method for irradiating a 
semiconductor thin film with a laser beam is provided which is characterized by 
performing direct irradiation wherein the semiconductor film is irradiated with the laser 
30 beam from the oblique direction and indirect irradiation wherein the semiconductor film 
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is irradiated by condensing the directly irradiated laser beam which is reflected on the 

semiconductor film and leading to the semiconductor film again. 

[0018] 

In the present invention, the semiconductor film is directly irradiated with the 
5 laser beam from the oblique direction and is indirectly irradiated by condensing a 
reflected beam and leading to the semiconductor film again. Conventionally, the 
semiconductor film is directly irradiated with the laser beam from a right angle direction. 
This is because, according to this, an energy density of the laser beam per unit area is 
maximized. On the other hand, in the present invention, the semiconductor film is 

10 irradiated, for example, from an angle of 70 to 87 degrees while deviating the irradiating 
angle of the direct irradiation from the right angle direction. Hereby, the 
semiconductor film can be indirectly irradiated by condensing the reflected beam and 
leading to the semiconductor film again. Therefore, it is possible to efficiently use the 
reflected beam which is conventionally not considered, and thereby to increase the 

15 energy use efficiency of the laser beam. 
[0019] 

In the present invention, a ratio of a quantity of light of the condensed beam to 
a total quantity of light of the beam reflected on the semiconductor film is defined as a 
beam-condensing power. According to the present invention, since energy of the 

20 indirect irradiation can be easily controlled by adjusting the beam-condensing power of 
the beam-condensing means, the semiconductor film can be irradiated with two kinds of 
laser beams having desired energy densities at the same time. Usually, there are 
problems of such as the large-scale apparatus and long processing time in order to 
perform irradiation with two kinds of laser beams having different energy densities. 

25 According to the present invention, these problems are solved. 
[0020] 

As for the beam-condensing means in the present invention, a simple structure 
such as a concave mirror can be used and the beam-condensing power can be easily 
adjusted by adjustment of the setting position or the like. As for the technique 
30 described in the Japanese Patent Application Laid Open No. H6-61172 for example, 
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there is the problem of decreasing the energy use efficiency of a laser beam because an 
energy density of a side beam is adjusted by means of transmitting the beam through a 
filter. In addition, since the energy density is adjusted by the property of the filter, 
once the filter is provided, the energy density of the side beam is difficult to be freely 
5 changed or fine adjusted. On the other hand, since the beam-condensing means with 
the simple structure such as the concave mirror is used in the present invention, the 
beam-condensing power can be changed continuously with a simple operation by 
adjusting its setting position. Therefore, the energy density of the indirect irradiation 
can be easily adjusted. Further, because the energy density and an irradiated area of 
10 the indirect irradiation can be widely adjusted, laser annealing treatment can be 
performed differently according to a material to be treated. 
[0021] 

Furthermore, two kinds of laser irradiations having different energy densities 
are performed on the same portion of the semiconductor film when a positional 

15 relationship between the irradiated region by the direct irradiation and the irradiated 
region by the indirect irradiation is appropriately adjusted. Therefore, improvement in 
the film quality of the polycrystalline structure such as uniforming the grain size of the 
polycrystalline grains, making the polycrystalline grains large grains, or making the 
arrangement of the polycrystalline grains well-ordered can be achieved. Here, in the 

20 present invention, the positional relationship between the irradiated regions by the direct 
irradiation and by the indirect irradiation can be appropriately adjusted by adjusting a 
mounting angle of the concave mirror and the like. Therefore, multipurpose laser 
annealing treatments can be conducted with one laser irradiation apparatus. 
[0022] 

25 [Embodiment Mode of the Invention] A laser beam in the present invention 
includes excimer lasers such as a KrF or a XeCl, the other pulsed lasers such as a ruby 
laser, and CW (Continuous Wave) lasers such as an argon laser. An energy density of 
the laser beam is set at a degree of being able to form the polycrystalline thin film. 
[0023] 

30 A semiconductor thin film in the present invention includes an amorphous 
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silicon film, a polycrystalline silicon film, and a film of SiGe or the like. 
[0024] 

In the present invention, the semiconductor film is directly irradiated with the 
laser beam from a oblique direction and is indirectly irradiated by condensing the 

5 directly irradiated laser beam which is reflected on the semiconductor film and leading 
to the semiconductor film again. Direct irradiation is referred to that a semiconductor 
film is directly irradiated and indirect irradiation is referred to that the semiconductor 
film is irradiated by leading again a reflected beam on the semiconductor film by a 
beam-condensing means or the like to the semiconductor film. As for the direct 

10 irradiation, the semiconductor film is irradiated from the oblique direction and an 
irradiating angle thereof is preferably 60 to 87 degrees, and more preferably 70 to 85 
degrees with respect to a plane surface including the semiconductor film. If the angle 
is made too small, energy intensity per unit area in the irradiated area is decreased and 
an undesired energy distribution may be generated. If the angle is made too large, it 

15 may be difficult to preferably arrange an optical system for the direct irradiation, the 
beam-condensing means for performing the indirect irradiation, and the like. 
[0025] 

The indirect irradiation is performed by condensing the beam which is reflected 
on the semiconductor film by the beam-condensing means or the like and leading the 

20 beam to the semiconductor film again. A mirror or the like, in particular, a concave 
mirror is preferably used as the beam-condensing means. A beam-condensing power 
of such a beam-condensing means can be controlled by a distance between the mirror 
and the semiconductor film, a curvature of the concave mirror, or the like. In addition, 
if the concave mirror has a transmittance, it can be controlled by adjusting its 

25 transmittance. 
[0026] 

In the present invention, the laser beam may be scanned along one direction. 
A laser beam scanning means may be a means of moving the laser beam side or a means 
of moving a substrate to be treated. Thereby, it is possible to perform irradiation two 
30 times which are direct irradiation and indirect irradiation having different energy 
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densities on the same portion of the semiconductor film. Therefore, improvement in a 
film quality such as uniforming a grain size of polycrystalline grains, making the 
polycrystalline grains large grains, and making the arrangement of the polycrystalline 
grains well-ordered can be achieved. 
5 [0027] 

In the present invention, the following effect can be obtained by appropriately 
adjusting a positional relationship between an irradiated region by the direct irradiation 
and an irradiated region by the indirect irradiation. 
[0028] 

10 When the irradiated region by the direct irradiation is located posterior to the 

irradiated region by the indirect irradiation with respect to a laser beam scanning 
direction, the indirect irradiation and direct irradiation are performed in this order to the 
same point of the semiconductor film. That is to say, the semiconductor film is 
preheated by the indirect irradiation with low energy and changed from a solid state to a 

15 liquid state, first. Then, a minute but uniform polycrystalline silicon is obtained by 
being cooled subsequently. If the direct irradiation with higher energy is performed at 
this stage, a polycrystalline structure having less defects and a uniform grain size can be 
obtained. In other words, in order to obtain such an effect, one point of the 
semiconductor film is preferably melted by the indirect irradiation, solidified by cooling, 

20 and then irradiated directly. This can be realized by adjusting the positional 
relationship between the irradiated regions by the direct irradiation and indirect 
irradiation. 
[0029] 

When the irradiated region by the direct irradiation is located anterior to the 
25 irradiated region by indirect irradiation with respect to the laser beam scanning direction, 
the direct irradiation and indirect irradiation are performed in this order to the same 
point of the semiconductor film. That is to say, the semiconductor film is heated by 
the direct irradiation with high energy and changes into a molten state. Then, the 
indirect irradiation with low energy is performed. Therefore, the film is slowly cooled 
30 from the molten state and thereby it is possible to increase the grain size of the 
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polycrystalline grains. In other words, in order to achieve the purpose of increasing 
the grain size of the polycrystalline grains, one point of the semiconductor film is 
preferably melted by the direct irradiation and then is irradiated indirectly while keeping 
the molten state. 
5 [0030] 

In the present invention, it is preferable to adjust the beam-condensing power 
of the beam-condensing means so that the irradiation energy density by the indirect 
irradiation is 10 to 100 % of the irradiation energy density by the direct irradiation. 
Therefore, as well as increasing the energy use efficiency of the laser beam, various 

10 effects such as uniforming and increasing the grain size of the polycrystalline structure 
as described above can be obtained. Here, it is preferable to set the beam-condensing 
power as follows in order to uniform or increase the grain size of the polycrystalline 
structure. That is to say, the irradiation energy density by the indirect irradiation is 
preferably 25 to 80 % of the irradiation energy density by the direct irradiation, more 

15 preferably 30 to 50 %, and most preferably 35 to 42 %. This makes the energy 
suitable for preheating, and thereby it is furthermore possible to uniform the grain size 
of the polycrystalline structure. In addition, this makes the energy suitable for cooling 
the film after the direct irradiation slowly, and thereby it is furthermore possible to 
increase the grain size of the polycrystalline structure. 

20 [0031] 

[Embodiment] 

(Embodiment 1) A schematic diagram of a laser irradiation apparatus used in this 

embodiment is shown in FIG 1. 

[0032] 

25 A substrate to be treated 4 has a structure in which an amorphous silicon film 

4a is formed over an insulating substrate 4b. In this embodiment, an OA-2 substrate (a 
glass substrate) manufactured by Nippon Electric Glass Co., Ltd. is used as the 
insulating substrate 4b. A silicon dioxide thin film is deposited over the insulating 
substrate 4b to have a film thickness of 100 nm by a plasma CVD method, and then, the 

30 amorphous silicon film 4a is deposited thereover by a low pressure CVD method using 
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Si 2 H6. The deposition condition of the amorphous silicon film 4a is set at a flow rate 
of Si 2 H 6 of 150 seem; a pressure of 8 Pa; a substrate temperature of 450 °C; and 
deposition time of 70 minutes. 
[0033] 

5 The substrate to be treated 4 is arranged over a holder 8, and this holder 8 can 

move in a direction x-y by a substrate transfer mechanism 9. 
[0034] 

In this embodiment, a KrF excimer laser is used as an excimer laser 1. This 
laser beam is pulsed light with a wavelength of 248 nm; a pulse width of 30 ns; and an 
10 energy density of 400 mJ/cm 2 , The temperature of the substrate is set at 300°C. 
[0035] 

After passing through a homogenizer 2, a optical path of the laser beam 
generated from the excimer laser 1 is changed by a mirror 3, thereby irradiating the 
amorphous silicon film 4a. The optical path of this irradiated light is adjusted by the 

15 mirror 3 to be at an angle of 80 degrees with respect to a plane surface including the 
amorphous silicon film 4a. An irradiated region by this irradiation is to be a direct 
irradiated region 6. This irradiated light is absorbed partially at the surface of a 
semiconductor film to be converted into heat, and the rest thereof is reflected. In this 
embodiment, the light of the KrF excimer laser with a wave length of 248 nm is used. 

20 In this case, reflectance is about 75 % at the surface of the amorphous silicon Film 4a 
which is in the molten state. 
[0036] 

The reflected beam is condensed by a concave mirror 10 in this embodiment. 
The beam which is reflected by the concave mirror 10 reaches the surface of the 

25 semiconductor film again. An irradiated region by this beam is referred to as an 
indirect irradiated region 7. The beam-condensing power of the reflected beam by the 
concave mirror 10 can be controlled by adjusting a distance from the substrate to be 
treated 4 to the concave mirror 10. In this embodiment, the distance from the substrate 
to be treated 4 to the concave mirror 10 is set at 20 cm, and the beam-condensing power 

30 is about 50 %. Thus, the energy capacity factor of the laser beam is about 71 %. 
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Note that the energy capacity factor thereof is 46 % in a conventional method without 

using the reflected beam. 

[0037] 

In this embodiment, the energy density Ej of the direct irradiated region 6 is 
5 around 400 mJ/cm . On the other hand, the energy density E 2 of the indirect irradiated 
region 7 is around 200 mJ/cm 2 , which is about 50 % of the energy density Ei of the 
direct irradiated region 6. 
[0038] 

Hereinafter, an example of a laser irradiation method using this apparatus is 
10 described with reference to FIGS. 2 and 3. FIG 2 is a schematic diagram showing a 
method of this embodiment. FIG 3 is a diagram describing a positional relationship 
between the direct irradiation and indirect irradiation, and a state of scanning irradiation. 
In the diagrams, respective irradiated regions by the first and the second irradiation are 
shown. The irradiated region has practically a line pattern which extends 
15 perpendicular to a laser scanning direction; however, it is shown to have a rectangular 
shape for convenience. 
[0039] 

In this embodiment, a laser irradiated region is scanned by moving the 
substrate in one direction. As shown in FIG 3, the indirect irradiated region 7 is 

20 located anterior to the direct irradiated region 6 with respect to the moving direction of 
the substrate, and the indirect irradiation and the direct irradiation are performed in this 
order to the same point of the amorphous silicon film 4a. The two irradiated regions 
are almost equal in an irradiated area. In other words, the widths of the two irradiated 
regions (width in the laser scanning direction) are almost equal. Furthermore, since 

25 the scanning pitch is set to be equal to the width of these regions, the indirect irradiated 
region 7 in the first irradiation is adapted to overlap with the direct irradiated region 6 in 
the second irradiation. Accordingly, both the indirect irradiation and direct irradiation 
are performed to the entire region over the semiconductor film practically. Besides, 
efficiency of an irradiation process can be achieved. When the widths of the two 

30 irradiated regions are not equal, it is preferable to adjust the scanning pitch to the shorter 
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width. Hereby, both the indirect irradiation and direct irradiation are performed to the 

entire region over the semiconductor film practically. 

[0040] 

The surface of the amorphous silicon film 4a is preheated by the indirect 
5 irradiation with comparatively low energy first, and thereby changed from a solid state 
to a liquid state. Then, it becomes poly crystalline silicon by being cooled subsequently. 
At this time, polycrystalline grains are not formed over the entire surface of the 
irradiated region, but formed only over a part of the region. Furthermore, a great 
number of defects are generated in grain boundaries of the polycrystalline silicon and 

10 the like. Subsequently, the region irradiated indirectly is cooled, and then irradiated 
directly when the region becomes in a solid state. Accordingly, the polycrystalline 
grains are grown almost over the entire surface of the irradiated regions, and the above 
mentioned defects disappear. Since the two kinds of irradiation are sequentially 
performed, a polycrystalline structure having a uniform grain size can be obtained. 

15 [0041] 

In this embodiment, a substrate transfer speed is regulated so that a time 
interval between the indirect irradiation and the direct irradiation at the same point is 4 
ms. In the case of the laser beam used in this embodiment, the region which has been 
irradiated indirectly is again irradiated directly by regulating as described above. 
20 [0042] 

According to the examination of a polycrystalline semiconductor film 
manufactured by the method of this embodiment under a scanning electron microscope, 
it is confirmed that the polycrystalline semiconductor film which is uniform with a grain 
size of about 0.2 \xm without defect is formed. Furthermore, surface flatness is 
25 improved compared to the case where a conventional reflected beam is not used. 
[0043] 

(Embodiment 2) A positional relationship between an irradiated region by the direct 
irradiation and an irradiated region by the indirect irradiation is to be one shown in FIG 
4, and laser irradiation is performed similarly to Embodiment 1 except changing a 
30 scanning pitch. The scanning pitch in this embodiment is set at 0.1 mm. 
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[0044] 

In FIG 4, the width of an indirect irradiated region 7, the width of a direct 
irradiated region 6 (mean to as respective widths in the laser scanning direction), and an 
interval therebetween are all set at 0.1 mm to make almost equal. Consequently, the 

5 indirect irradiated region 7 in the first irradiation corresponds to a region which is not 
irradiated, between the indirect irradiated region 7 and direct irradiated region 6 in the 
second irradiation, and moreover, corresponds to the direct irradiated region 6 in the 
third irradiation. That is, indirect irradiation, non-irradiation, and direct irradiation are 
performed in this order to the same point. Since the stage of the non-irradiation is 

10 provided between the indirect irradiation and the direct irradiation, melting silicon is 
cooled at this stage and time for poly crystallization can be secured. Accordingly, a 
process of performing the direct irradiation, to one point of the semiconductor film, 
after melting by the indirect irradiation and cooling to be solidified, can be surely 
performed. 

15 [0045] 

According to the examination of a polycrystalline semiconductor film 
manufactured by the method of this embodiment under a scanning electron microscope, 
it is confirmed that the polycrystalline semiconductor film which is uniform with a grain 
size of about 0.2 \xm without defect is formed. 
20 [0046] 

(Embodiment 3) A schematic diagram of a laser irradiation apparatus used in this 
embodiment is shown in FIG 5. This apparatus has the same structure as in 
Embodiment 1, and is different only in the positional relationship between a direct 
irradiated region 6 and an indirect irradiated region 7. A method for manufacturing a 
25 substrate to be treated 4 is the same as Embodiment 1. 
[0047] 

Hereinafter, an example of a laser irradiation method using this apparatus is 
described with reference to FIGS. 6 and 7. FIG 6 is a schematic diagram showing a 
method of this embodiment. FIG 7 is a diagram describing a positional relationship 
30 between the direct irradiation and indirect irradiation, and a state of scanning irradiation. 
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In the diagrams, respective irradiated regions by the first and the second irradiation are 
shown. The irradiated region has practically a line pattern which extends 
perpendicular to a laser scanning direction; however, it is shown to have a rectangular 
shape for convenience. 
5 [0048] 

In this embodiment, a laser irradiated region is scanned by moving the 
substrate in one direction. As shown in FIG 7, the indirect irradiated region 7 is 
located posterior to the direct irradiated region 6 with respect to the moving direction of 
the substrate; the direct irradiation and the indirect irradiation are performed in this 

10 order to the same point of an amorphous silicon film 4a. The two irradiated regions 
are almost equal in an irradiated area. In other words, the respective widths of the two 
irradiated regions (width in the laser scanning direction) are almost equal. 
Furthermore, since scanning pitch is set to be equal to the width of these regions, the 
indirect irradiated region 7 in the first irradiation is adapted to overlap with the direct 

15 irradiated region 6 in the second irradiation. Accordingly, both the direct irradiation 
and indirect irradiation are performed to the entire region over the semiconductor film 
practically. Besides, efficiency of an irradiation process can be achieved. When the 
respective widths of the two irradiated regions are not equal, it is preferable to adjust the 
scanning pitch to the shorter width. Hereby, both the direct irradiation and indirect 

20 irradiation are performed to the entire region over the semiconductor film practically. 
[0049] 

The surface of the amorphous silicon film 4a is heated by the direct irradiation 
with comparatively high energy, thereby changing from a solid state to a liquid state. 
Subsequently, when the surface of the amorphous silicon film 4a is in the liquid state 
25 (molten state), the indirect irradiation is performed. Accordingly, the amorphous 
silicon in the liquid state is cooled slowly, and the size of a crystal grain can be 
increased. 
[0050] 

According to the examination of a polycrystalline semiconductor film 
30 manufactured by the method of this embodiment under a scanning electron microscope, 
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it is confirmed that polycrystalline grains with a grain size of about 1.5 \im are regularly 
arranged with a preferable orderliness. According to the method in this embodiment, 
in addition, the energy capacity factor of the laser beam is about 71 %. On the other 
hand, in the conventional method in which beam-condensing by a concave mirror is not 
5 performed, the energy capacity factor thereof is 46 %, thereby showing superiority in 
the method of this embodiment. When a substrate temperature is further increased to 
400°C, the grain size becomes about 2.5 fim. 
[0051] 

In this embodiment, the direct irradiated region 6 and indirect irradiated region 
10 7 are adjacent with each other as shown in FIG 7, which are not overlapped with each 
other. Here, as shown in FIG 10, if the direct irradiated region 6 is partly overlapped 
with the indirect irradiated region 7, the grain size of a polycrystalline grain can be 
further increased. 
[0052] 

15 [Effect of the Invention] According to the present invention as described, the energy 
use efficiency of a laser beam can be increased since a semiconductor film is irradiated 
from a oblique direction and besides, irradiated by condensing a reflected beam and 
leading to the semiconductor film again. Hereby, the life of a laser beam source is 
improved to lower operational cost, and moreover, anneal processing speed can be 

20 improved. 
[0053] 

Since laser irradiation with a different energy density is performed by the laser 
irradiation apparatus of the present invention, a plurality of lasers, an energy converter 
or the like is not required to be provided, and downsizing of the apparatus and space 
25 saving can be achieved. 
[0054] 

Furthermore, in the present invention, by properly adjusting a positional 
relationship between an irradiated region by the direct irradiation and an irradiated 
region by the indirect irradiation, improvement in a film quality of a polycrystalline 
30 structure, that is, uniforming a grain size of polycrystalline grains, making the 
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polycrystalline grains large grains, making the arrangement of polycrystalline grains 
well-ordered, and the like can be achieved. 
[Brief Description of the Drawings] 

[FIG 1] A schematic diagram showing a laser irradiation apparatus of the present 
5 invention. 

[FIG 2] A diagram for describing a laser irradiation method of the present invention. 
[FIG 3] A diagram for describing a laser irradiation method of the present invention. 
[FIG 4] A diagram for describing a laser irradiation method of the present invention. 
[FIG 5] A schematic diagram showing a laser irradiation apparatus of the present 
10 invention. 

[FIG 6] A diagram for describing a laser irradiation method of the present invention. 
[FIG 7] A diagram for describing a laser irradiation method of the present invention. 
[FIG 8] A diagram showing an example of a conventional laser irradiation apparatus. 
[FIG 9] A diagram showing an example of a conventional method for laser irradiation. 
15 [FIG 10] A diagram for describing a laser irradiation method of the present invention. 
[Explanations of the Reference Numerals] 
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18 beam splitter 

19 reflecting mirror 
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